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2EMHFWLYH� ,Q WKLV H[SHULPHQW ZH ZLOO PHDVXUH DQG EHFRPH IDPLOLDU ZLWK OHQVHV DQG WKH DSSOLFDWLRQ
RI VXFK SDUDPHWHUV DV IRFDO OHQJWK� nHOG RI YLHZ� GHSWK RI IRFXV� I �QXPEHU� HWF�

(TXLSPHQW�

+H1H ODVHU �w  ����� QP�
/HQVHV

��[ PLFURVFRSH REMHFWLYH �I  �� PP�
�� PP 79 OHQV
� LQFK GLDPHWHU OHQV �I  �� LQFKHV�
XQNQRZQ IRFDO OHQJWK �FDOOHG ?OHQV ����

,ULV GLDSKUDJP �DGMXVWDEOH DSHUWXUH�
2SWLFDO EHQFK
&ORVHG FLUFXLW 79 �&&79� V\VWHP
79 OHQVHV

�� PP IRFDO OHQJWK
���� PP IRFDO OHQJWK

0HDVXULQJ WDSH� PHWHU VWLFN
?*RRVH QHFN� GHVN ODPS
?3XQFK�RXW� FDUG REMHFW

5HIHUHQFH� $Q H[FHOOHQW SUDFWLFDO GHVFULSWLRQ RI OHQV V\VWHPV LV IRXQG LQ ,QIUDUHG 6\VWHPV (QJL�

QHHULQJ E\ 5�:� +XGVRQ �-� :LOH\ 	 6RQV� ������

3URFHGXUH�

�� &ROOLPDWRU� $Q RSWLFDO FROOLPDWRU �RU EHDP H[SDQGHU LV DQ DUUDQJHPHQW RI OHQVHV GHVLJQHG
WR SURGXFH D EHDP RI ORZ GLYHUJHQFH� 7KH VLPSOHVW FROOLPDWRU LV WZR OHQVHV DUUDQJHG DV
VKRZQ LQ )LJ� � RQ WKH IROORZLQJ SDJH� 7KH UHODWLRQV EHWZHHQ WKH YDULRXV GLPHQVLRQV DUH�
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ZKHUH t LV WKH EHDP GLYHUJHQFH� G LV WKH EHDP GLDPHWHU� DQG I LV WKH IRFDO OHQJWK RI WKH
OHQV� �:K\ LV WKLV GHYLFH DOVR FDOOHG D ?EHDP H[SDQGHU�"� 7KLV OHQV DUUDQJHPHQW LV DOVR
IRXQG LQ D WHOHVFRSH�

8VLQJ WKH OHQVHV VXSSOLHG �WKH �� PP PLFURVFRSH REMHFWLYH DQG WKH ��� IRFDO OHQJWK

OHQV�� FRQVWUXFW D EHDP FROOLPDWRU� ([SHULPHQWDOO\ FKHFN WKH FROOLPDWLRQ E\ RE�

VHUYLQJ WKH WKDW WKH GLDPHWHU RI WKH FROOLPDWHG EHDP GRHV QRW FKDQJH� &RUUHFW WKH

OHQV VSDFLQJ LI QHFHVVDU\� &KHFN WKH IRFDO OHQJWK RI WKH ��� IRFDO OHQJWK OHQV E\

FDOFXODWLQJ WKH YDOXH IURP WKH GLVWDQFH PHDVXUHG EHWZHHQ WKH OHQVHV�
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)LJXUH �� %HDP FROOLPDWRU

�� )RFDO OHQJWK� $ OHQV RU OHQV V\VWHP ZLOO IRFXV D FROOLPDWHG EHDP DW LWV IRFDO OHQJWK� 7KH
GLVWDQFH LV PHDVXUHG IURP WKH LQWHUVHFWLRQ RI WKH FRQWLQXDWLRQ RI WKH LQSXW EHDP ZLWK WKH
EDFNZDUG FRQWLQXDWLRQ RI WKH IRFXVHG EHDP DV VKRZQ LQ )LJ� � RQ WKH QH[W SDJH�

7KH YDOXH RI I FDQ EH FDOFXODWHG IURP D PHDVXUHPHQW RI WKH LQSXW EHDP GLDPHWHU DQG WKH
IXOO DQJOH RI WKH FRQH DSH[� 8VLQJ WKH JHRPHWU\ RI )LJ� � RQ SDJH �� GHYLVH D SURFHGXUH IRU
PHDVXULQJ WKH IRFDO OHQJWK RI WKH OHQV V\VWHP LQ WKH nJXUH �L�H�� ZULWH D IRUPXOD WKDW JLYHV
I LQ WHUPV RI '�� '�� DQG [��

8VLQJ \RXU FROOLPDWHG ODVHU EHDP� PHDVXUH WKH IRFDO OHQJWK RI OHQV �� DQG WKH ��

PP 79 OHQV� �%H VXUH WKDW WKH �� PP OHQV LV IRFXVHG DW � DQG WKDW WKH DSHUWXUH

LV IXOO\ RSHQHG��

�� ,PDJHV� /HQVHV FDQ EH XVHG WR LPDJH REMHFWV �)LJ� � RQ SDJH ��� 7KH UHODWLRQ EHWZHHQ WKH
REMHFW GLVWDQFH R� WKH LPDJH GLVWDQFH L� DQG WKH IRFDO OHQJWK I LV JLYHQ E\ WKH OHQV IRUPXOD�

�

R
�
�

L
 
�

I
� ���

7KH UDWLR RI WKH VL]H RI WKH LPDJH WR WKH VL]H RI WKH REMHFW �L�H�� WKH PDJQLnFDWLRQ RU
GHPDJQLnFDWLRQ� LV JLYHQ E\�
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8VLQJ WKH ?JRRVH^QHFN� GHVN ODPS DV D VRXUFH� WKH SXQFK�RXW FDUG DV WKH REMHFW

DQG OHQV �� DV WKH LPDJLQJ OHQV� YHULI\ (TV� � DQG �� �� &DUHIXOO\ GHVFULEH \RXU

SURFHGXUH DQG UHVXOWV�

�� 'HSWK RI IRFXV� 7KH ?GHSWK RI IRFXV� RI D OHQV LV WKH ORQJLWXGLQDO GLVWDQFH RYHU ZKLFK D
n[HG REMHFW LV VDLG WR EH ?LQ IRFXV�� 7KHRU\ JLYHV WKLV GLVWDQFH DV

G  �w�I QR��� � ���

ZKHUH w LV WKH QRPLQDO ZDYHOHQJWK RI WKH LOOXPLQDWLRQ �DVVXPH ��� QP IRU ZKLWH OLJKW�� DQG
I�QR� LV WKH ?I�QXPEHU� RI WKH OHQV DV JLYHQ E\
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)LJXUH �� D� )RFDO OHQJWK RI VLPSOH OHQV� E� IRFDO OHQJWK RI FRPSRXQG OHQV�

+HUH I LV WKH IRFDO OHQJWK RI WKH OHQV DQG ' LV VL]H RI WKH LQSXW DSHUWXUH RI WKH OHQV �ZKLFK
FDQ IUHTXHQWO\ EH FKDQJHG E\ DQ LULV GLDSKUDJP FDOOHG DQ ?DSHUWXUH VWRS� LQ WKH OHQV�

&DOFXODWH WKH GHSWK RI IRFXV IRU WKH ��PP 79 OHQV ZLWK WKH DSHUWXUH IXOO\ RSHQ�

9HULI\ \RXU FDOFXODWLRQ E\ PHDVXUHPHQW LI SRVVLEOH�

�� 'HSWK RI nHOG� $QRWKHU OHQV SDUDPHWHU RI LQWHUHVW LV WKH ?GHSWK RI nHOG�^WKH ORQJLWXGLQDO
GLVWDQFH WKDW DQ REMHFW FDQ EH PRYHG ZLWKRXW LWV LPDJH FRPLQJ RXW RI IRFXV �D VXEMHFWLYH
MXGJPHQW E\ WKH REVHUYHU�� (DFK 79 OHQV KDV D GHSWK RI nHOG VFDOH LQVFULEHG RQ LW VKRZLQJ
WKH GHSWK RI nHOG DV D IXQFWLRQ RI REMHFW GLVWDQFH DQG I�QR�

8VLQJ WKH &&79 DQG WKH �� PP 79 OHQV PHDVXUH DQG SORW WKH GHSWK RI nHOG DV

D IXQFWLRQ RI I�QR� �%HIRUH PHDVXULQJ WKH GHSWK RI nHOG� EH VXUH WR VHW WKH IRFXV

RI WKH OHQV WR WKH PLQLPXP IRFXV ^ L�H�� VHW WKH IRFXV IRU WKH REMHFW EHLQJ DW LWV

FORVHVW SRVLWLRQ��

5HSHDW ZLWK WKH ���� PP OHQV� SORWWLQJ \RXU GDWD RQ WKH VDPH JUDSK�

q %DVHG RQ \RXU PHDVXUHPHQWV� GRHV WKH GHSWK RI nHOG LQFUHDVH RU GHFUHDVH DV

WKH DSHUWXUH EHFRPHV VPDOOHU"

q )RU D VHW DSHUWXUH� GRHV WKH GHSWK RI nHOG LQFUHDVH RU GHFUHDVH DV WKH IRFDO

OHQJWK RI WKH OHQV EHFRPHV ORQJHU"
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)LJXUH �� *HRPHWU\ RI D OHQV IRFXVLQJ D FROOLPDWHG EHDP

)LJXUH �� ,PDJLQJ JHRPHWU\�

�� )LHOG RI YLHZ� $QRWKHU SDUDPHWHU RI LQWHUHVW LV WKH ?nHOG RI YLHZ� �)29� RI D OHQV �L�H��
WKH DQJXODU PHDVXUH RI WKH VSDFH ZLWKLQ ZKLFK WKH V\VWHP FDQ LPDJH WKH WDUJHW�� 7KLV
SDUDPHWHU GHSHQGV RQ WKH RSWLFDO HOHPHQWV� WKH GHWHFWRU VL]H DQG WKH ORFDWLRQ RI ?VWRSV� RU
EDqHV ZLWKLQ WKH OHQV V\VWHP �FDOOHG ?nHOG VWRSV���

8VLQJ WKH &&79 DQG WKH �� PP 79 OHQV PHDVXUH WKH )29 �KDOI FRQH DQJOH� IRU

YDULRXV I�QR� �%HIRUH PHDVXULQJ WKH )29� EH VXUH WR VHW WKH IRFXV RI WKH OHQV WR

WKH PLQLPXP IRFXV ^ L�H�� VHW WKH IRFXV IRU WKH REMHFW EHLQJ DW LWV FORVHVW SRVLWLRQ��

'RHV )29 GHSHQG RQ WKH I�QR IRU WKLV OHQV"

5HSHDW IRU WKH ���� PP OHQV� 'RHV )29 LQFUHDVH RU GHFUHDVH ZLWK LQFUHDVLQJ IRFDO

OHQJWK"

5HSRUW� (DFK JURXS VKRXOG UHFRUG WKH ODERUDWRU\ UHVXOWV RQ SDSHU� $ nQLVKHG UHSRUW� WRJHWKHU
ZLWK WKH SORWWHG GDWD� LV GXH ZLWKLQ RQH ZHHN DIWHU WKH FRPSOHWLRQ RI WKH ODERUDWRU\ H[HUFLVH�
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